Neuroscience: The Cortical Layering of Visual Processing
Visual perception depends on integration of the eyes' raw sensory input with information distributed across distinct regions of the brain. Recordings of neuronal activity in monkeys reveal that these two types of signal reach visual cortex in spatially distinct layers.
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Take a brief look at Figure 1A and try to figure out what it depicts. If you are unable to make out something meaningful immediately, do not be concerned. This image is not part of a Rorschach test designed for psychoanalysis, but rather a common type of visual stimulus used in perception research [1] . As someone who has never seen this picture before, what you are likely to experience is roughly reminiscent of the incohesive distribution of dark and bright spots that form the two-dimensional retinal image -visual information in its rawest form. Now try rotating the page by 180 degrees so that the figure is turned on its head: from this angle, you will easily make out a face. Note what happens when you rotate the figure back to its original orientation. Curiously, your knowledge of the actual nature of the figure will shape your perception of the image from here on out. You now see a face (turned upside-down) where you previously saw a puzzling conglomerate of light and dark patches.
Vision scientists are interested in images such as the one shown in Figure 1A , as they demonstrate the impact of past experience on the perceptual interpretation of sensory input. Such images suggest that, in order for an observer to form a meaningful perceptual experience, two neuronal processes need to come together: sensory activation from the eyes, and information from past experience that is stored in distributed regions across the brain. While research over the past decades has yielded an astonishingly detailed description of the former -neural events that cascade from retinal stimulation -we still know little about how signals originating in other brain areas integrate with these incoming sensory inputs in order to transform meaningless spots of light into shapes, objects and faces.
In this issue of Current Biology, Matthew Self and colleagues [2] report high-resolution multielectrode recordings of neuronal activity from the primary visual cortex of macaque monkeys that shed new light on the question of where and when raw visual inputs meet signals that descend from other cortical areas. More specifically, the authors used a linear electrode array to sample the electric activity from groups of neurons with microscopic resolution across cortical layers [3] . The animals were trained to stare at a computer screen and to indicate the presence of a square-shaped figure that was made up of tilted lines against a backdrop of lines oriented in the opposite direction ( Figure 1B ). Previous work showed that successful completion of this task relies on the active integration of feedforward visual input with recurrent feedback signals from higher brain areas [4] . Specifically, the primary visual cortex of primates is specialized for extracting the orientation of line elements via characteristic organization of input that gets fed forward from the eye [5] . Yet, in order to extract a meaningful figure from a background of orthogonal line elements, feedback from more specialized brain areas is needed [6] . Contrasting the way primary visual cortex responds to a uniform pattern of lines with the neural response elicited when a figure can be perceptually discriminated provides insight into two distinct forms of visual activation -one without and one with a heavy reliance on feedback from distant parts of the brain that aid in shaping the perception of a square [7] .
Using this approach, Self et al.
[2] observed striking differences in the laminar pattern of neural activation that characterizes each of these two modes of cortical processing. The onset of the background pattern alone elicited a wave of neuronal activity that originated primarily in the middle layers (and to some degree in the lowest layers) before sweeping across the entire extent of the laminar microcircuit. Yet, whenever the monkeys observed a square-shaped figure in the display, there was an additional response of neurons in the upper and lower layers that was absent in the middle layers of cortex ( Figure 1C,D) .
One of the most intriguing aspects about Self et al.'s [2] findings is that these patterns of functional organization correspond well with the structural principles of laminar cortical microarchitecture that have been described by neuroanatomists over the past decades. The exact number of cortical layers and sublayers can vary between areas and species, but the general consensus is that the cytoarchitectonic make-up of the mammalian visual cortex is governed by six major laminae [8, 9] . Neuroanatomists tend to group these layers into three major laminar domains. Middle layer 4 (specifically layer 4c in the primate) and its various sublayers are commonly referred to as the ''granular layers' because of their fine-grained appearance in certain histological stains. The superficial layers 1-3 (1-4 a and b in primates) have been termed 'supragranular', and the deep layers 5 and 6 'infragranular' layers, respectively. While the middle layers are not the only laminae of primary visual cortex that receive ascending inputs from the eye (relayed through the lateral geniculate nucleus of the thalamus), the granular compartment receives the vast majority of this retino-thalamic input [10] . In contrast, the supragranular and infragranular layers receive most of their inputs from other brain structures, such as more specialized parts of visual cortex [11, 12] . The data reported by Self et al. [2] thus seem to demonstrate a direct link between the scaffolding of the brain and its patterns of activation -a striking example of the adage that structure guides function.
As always, questions remain. More studies will be needed to determine the role of separable aspects of shape perception such as the spatial attribution of attention in cortical feedback [4] and laminar activation [13] . Another pressing question is whether the visual cortex's structure-to-function relationship between feedforward and feedback processes delineated in this study can be found in other parts of the brain. Indeed, both anatomical studies as well as neurophysiological recordings suggest that, at least to some degree, a similar pattern of laminar organization can be found in other brain areas across a wide range of species [14, 15] . But what about areas of the brain that exhibit profound differences in laminar structure, such as parts of the primate frontal lobe that lack a pronounced granular layer 4 [16] ?
Another concern, albeit technically challenging, is to find out more about the relative roles of different types of neurons, such as excitatory pyramidal cells and inhibitory interneurons in the cortical laminar microcircuit [17] . Even more, by combining laminar neural recordings with techniques such as optogenetics, electric stimulation, selective cooling or neuropharmacology that allow for the selective manipulation of local activity will help neurophysiologists to move beyond the current correlative approach towards an understanding of causal relationships between neural events during sensory processing [18, 19] . Lastly, computational models will be needed to make sense of the increasingly complex, refined data acquired by empiricists [20] . Much like the visual system, we are likely to find greater meaning in bottom-up experimental observations of neural activity by combining this effort with the top-down approach of theoretical work. 
